Background: It is unclear whether weight change during adulthood influences subsequent mortality in Asian populations, who have a relatively lean body mass. Objective: To assess the relation of weight change over 5 years to all-cause, cancer and cardiovascular disease mortality among Japanese men and women. Design: Subjects were 36 220 men and 44 091 women aged between 45 and 75 years without a history of serious disease at baseline. Weight change was calculated as the difference of body weight between two surveys with a 5-year interval. Results: During 699 963 person-years of follow-up, we identified 4232 deaths of all-cause, 1872 cancer deaths and 1021 cardiovascular deaths. The relation between weight change and all-cause mortality was reverse J-shaped. Multivariate hazard ratios (95% confidence interval) for weight loss of 5 kg or more versus weight change of less than 2.5 kg were 1.62 (1.45-1.81) in men and 1.76 (1.51-2.05) in women, whereas those for weight gain of 5 kg or more were 1.40 (1.22-1.59) in men and 1.25 (1.02-1.54) in women. These associations remained statistically significant even after the exclusion of deaths in the first 3 years of followup. The weight change-mortality association was pronounced in underweight persons or in nonsmoking men. The risk of cancer mortality increased in both men and women who lost weight by 5 kg or more. With regard to cardiovascular disease, mortality risk tended to increase with weight loss both in men and women, whereas its increase with weight gain was observed only in women. Conclusions: A large weight change, both loss and gain, was associated with an increased risk of mortality. Weight loss and gain may be predictors of early death in apparently healthy adult Japanese.
Introduction
Obesity, because of its causal link to hypertension, diabetes mellitus, cardiovascular disease and certain cancers, 1,2 is an increasing public health problem worldwide. [2] [3] [4] The relation between body mass index (BMI) and all-cause mortality is J- [5] [6] [7] or U-shaped, 5, 8, 9 with both obesity and underweight being associated with increased mortality. However, the findings based on a single point-in-time measurement of BMI may not be used to predict the effect of weight change on future health events. Specifically, weight loss in overweight persons or weight gain in underweight persons may or may not be beneficial in reducing mortality risk. Therefore, it would be important to clarify the association of weight change over a time period with subsequent mortality risk. Weight loss has been related to an increased risk of all-cause mortality in many, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] but not all, [20] [21] [22] studies.
The relation with weight gain and mortality has been inconsistent; some studies found an increased mortality among persons who experienced weight gain 16 or excess weight gain, 11 whereas others showed no association with weight gain. 10, [12] [13] [14] [15] 17, [20] [21] [22] However, these studies were relatively small in size (number of subjects less than 10 000 10, 12, 14, 15, 17, 18, [20] [21] [22] ), included only elderly people (65 years old and above 10, 12, 15, 17 ) , assessed short-term weight change (within 2 years 10, 15, 21 ) and did not report cause-specific mortality. 10, 12, 15, 17, 19 Moreover, most of the studies were conducted among Western populations 10, [12] [13] [14] [16] [17] [18] [20] [21] [22] and the evidence regarding this issue is sparse among Asian populations, 15, 19 who have a relatively low BMI. The aim of this study was to investigate the relation of weight change over a 5-year period to subsequent mortality from all-cause, cancer and cardiovascular disease using data of a large-scale population-based cohort study in Japan.
Methods

Study population
The Japan Public Health Center-Based Prospective Study (JPHC) was launched in 1990 for cohort I and in 1993 for cohort II. 23 The subjects were residents of 11 public health centers who were 40-69 years old at each baseline survey. The Institutional Review Board of the National Cancer Center, Japan approved this study. Of 140 025 eligible subjects, 113 268 (80.9%) responded to the questionnaire survey at baseline (1990) (1991) (1992) (1993) (1994) (1995) and, of these, 90 700 (80.1%) also responded to the 5-year follow-up survey (1995) (1996) (1997) (1998) (1999) (2000) . We excluded 7204 subjects who reported cancer, cerebrovascular disease, myocardial infarction or chronic liver disease at baseline or at 5-year follow-up and also excluded 3392 subjects with a BMI of less than 14 kg m
À2
, 40kgm
À2 or more, or missing on weight or height. After a further exclusion of 155 subjects who reported to have lost or gained weight of more than 20 kg from baseline to 5-year follow-up, a total of 80 311 subjects (36 220 men and 44 091 women) remained for the analysis.
Body mass index and weight change At baseline and 5-year follow-up, participants completed a self-administered questionnaire which included queries on height, body weight, medical history, smoking, alcohol consumption, physical activity, diet and other lifestyle factors. Weight change was calculated as the difference of body weight between the two surveys. BMI was calculated as weight in kilograms divided by squared height in meters. Subjects were categorized into five groups: X5 kg loss, 2.5-4.9 kg loss, o2.5 kg change (stable), 2.5-4.9 kg gain and X5 kg gain. Among the study participants whose anthropometric data were also obtained from health checkups (11 274 men and 21 196 women), Spearman's rank correlation coefficients between self-reported BMI and the measured one were 0.89 and 0.90 for men and women, respectively.
Follow-up and outcome Subjects were followed up for residence status or vital status through the residential registry. Cause of death was confirmed by death certification with permission and was defined according to the tenth revision of the International Classification of Disease (ICD-10). The principal outcome of this study was all-cause, cancer (ICD-10: C00-D48) and cardiovascular disease mortality (ICD-10: I00-I99). Cardiovascular disease mortality was subdivided into heart disease (ICD-10: I20-I25 and I30-I52) and cerebrovascular disease (ICD-10: I60-I69). ), smoking (lifetime nonsmoker, former smoker or current smoker with a consumption of o20 or X20 cigarettes per day), alcohol consumption (nondrinker, occasional drinker or drinker with a consumption of o150, 150-299, 300-449 or X450 g ethanol per day for men; and nondrinker, occasional drinker or drinker with a consumption of o150 or X150 g ethanol per day for women), leisuretime physical activity (o1 time per month, 1-3 times per month or X1 time per week), history of hypertension (yes or no) and history of diabetes mellitus (yes or no). Dummy variables were created for missing data.
Statistical analysis
Cox proportional hazard regression analysis was used to estimate hazard ratios and 95% confidence intervals (CI) of mortality for each weight change category, taking the group of individuals with stable weight (o2.5 kg change) as the reference. The multivariate model was adjusted for age, study area, baseline BMI, smoking, alcohol consumption, leisuretime physical activity, history of hypertension and history of diabetes mellitus. We repeated the analysis after exclusion of deaths in the first 3 years of follow-up. We also analyzed data by baseline BMI (o22 kg m À2 (underweight), 22 to o25 kg m À2 (normal weight) and X25 kg m À2 (overweight)), smoking (current smoker and nonsmoker in men only) or age (o60 and X60 years old). In the analysis by baseline BMI, we used the group of individuals who had normal weight at baseline and showed o2.5 kg change at the 5-year follow-up survey as the reference group. All analyses were performed using Statistical Analysis System (SAS) version 9.1 (SAS Institute, Cary, NC, USA).
Results
During 699 963 person-years of follow-up (mean 8.7 years), we identified 4232 deaths of all-cause, 1872 cancer deaths and 1021 cardiovascular deaths. Table 1 shows the characteristics of the study population at the 5-year followWeight change and mortality A Nanri et al up survey (at the start of follow-up) according to the weight change between baseline and 5-year survey. Between the two surveys, 61.4% of men and 66% of women had a stable weight (o2.5 kg change). Both men and women who lost weight tended to be older, were less likely to be an alcohol drinker and had a higher BMI at baseline and a history of hypertension and diabetes mellitus. Men who gained weight were more likely to be past smokers, whereas those who lost weight were more likely to be current smokers. Table 2 shows the hazard ratios of all-cause and causespecific mortality according to weight change. In both men and women, there was a reverse J-shaped association, with a weight loss of 2.5 kg or more and a weight gain of 5 kg or more being significantly related to an increased risk of allcause mortality. Multivariate-adjusted hazard ratios (95% CI) of all-cause mortality for weight loss of 5 kg or more versus stable weight were 1.62 (1.45-1.81) in men and 1.76 (1.51-2.05) in women. The corresponding values for weight gain of 5 kg or more were 1.40 (1.22-1.59) and 1.25 (1.02-1.54). After exclusion of deaths in the first 3 years of follow-up, the association with weight loss was attenuated but remained statistically significant in men, whereas there was no material change in women.
Among subjects whose weight was stable (o2.5 kg change) over the 5 years between baseline and the 5-year survey, the multivariate-adjusted hazard ratios (95% CI) of all-cause mortality for increasing BMI levels at the 5-year survey (o19, Weight loss was significantly associated with an increased risk of cancer mortality in both men and women (Table 2) . Multivariate-adjusted hazard ratios (95% CI) for weight loss of 5 kg or more were 1.78 (1.51-2.10) in men and 1.61 (1.28-2.04) in women. Although the risk was attenuated after exclusion of early deaths, the increased risk of cancer mortality associated with weight loss of 5 kg or more remained statistically significant. Weight gain was not measurably related to cancer mortality. The risk of cardiovascular disease mortality increased in men who lost weight and in women who either lost or gained weight. However, multivariate adjustment and exclusion of early deaths substantially attenuated the association with weight loss, whereas it strengthened the association with weight gain in women. When the analysis was carried out separately for heart disease and cerebrovascular disease, a significant increase in heart disease mortality was observed in men who lost weight by 2.5 kg or more and in women who gained weight by 5 kg or more, whereas cerebrovascular disease mortality did not significantly differ by the levels of weight change in both men and women. 
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An increased risk of all-cause mortality associated with weight loss of 5 kg or more was observed irrespective of initial BMI, but was pronounced in lean persons (Figure 1 ). Compared with subjects who had normal weight at baseline (BMI: 18.5-24.9 kg m
À2
) and experienced a little weight change at the 5-year survey (o2.5 kg), the multivariateadjusted hazard ratios (95% CI) for underweight subjects who lost weight by 5 kg or more were 2.85 (2.31-3.53) in men and 3.62 (2.65-4.95) in women; for overweight persons; the corresponding hazard ratios were 1.42 (1.18-1.70) in men and 1.82 (1.45-2.28) in women. Weight gain was related to an increased risk of all-cause mortality among underweight subjects but not among normal weight or overweight persons. An increased risk of cancer mortality associated with weight loss was observed irrespective of the initial BMI in both men and women, although the association was pronounced in underweight men (hazard ratio ¼ 2.66, 95% CI: 1.92, 3.68). With regard to cardiovascular disease mortality, the association with weight change did not differ by initial BMI in men, whereas it was more evident among underweight subjects in women.
In men, an increased risk of all-cause, cancer and cardiovascular disease mortality associated with weight loss was observed in both nonsmokers and current smokers but was more pronounced in nonsmokers (Table 3) . However, an increase risk of cancer, cardiovascular disease and cerebrovascular disease mortality with weight gain was observed in nonsmokers but not in current smokers. In the analysis by age, an increased risk of cardiovascular disease mortality in relation to weight loss and weight gain was observed in older men only; the association with weight loss reflected an increased risk of coronary heart disease mortality, whereas ), smoking (never, past, current with a consumption of o20 or X20 cigarettes per day), alcohol consumption (nondrinker, occasional drinker, drinkers with a consumption of o150, 150-299, 300-449 or X450 g ethanol per week for men and nondrinker, occasional drinker, drinkers with a consumption of o150 or X150 g ethanol per week for women), leisure-time physical activity (o1 time per month, 1-3 times per month, X1 time per week), history of hypertension (yes or no) and history of diabetes mellitus (yes or no).
b Further excluded deaths within the first 3 years of follow-up.
Weight change and mortality A Nanri et al that with weight gain was due to increased mortality of cerebrovascular disease. In contrast, an increased risk of cardiovascular disease mortality with weight change was more evident in the younger age group in women.
Discussion
In this large-scale population-based prospective study in Japanese men and women, the relation between weight change over a 5-year period and all-cause mortality was reverse J-shaped, with both loss and gain in weight of 5 kg or more being related to an increased risk of all-cause mortality. The association was observed irrespective of sex, age, baseline BMI and smoking status and remained significant even after adjustment for covariates. The risk of cancer mortality increased in both men and women who lost weight by 5 kg or more. Weight loss in men and women and weight gain in women were related to an increased risk of cardiovascular disease mortality. The observed weight loss-mortality association in this study, as well as in many other studies, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] may be accounted for preexisting disease and smoking, factors affecting both body weight and mortality. However, this idea has been supported by only few studies. 20, 22 Many other studies found an increased mortality with weight loss even after excluding subjects with preexisting disease 12, 13, [16] [17] [18] [19] or deaths in the early period of follow-up. 13, 14, 18, 19 Similarly, an increased mortality risk among weight losers has been observed with adjustment for smoking status 12, 14, 17, 18 or in nonsmokers. 13, 16, 19 In the present analytic cohort comprising only persons without serious disease, the association between weight loss and mortality remained statistically significant even after excluding deaths in the first 3 years of follow-up and was observed in both nonsmokers and smokers. Our data argue against the possibility that the weight loss-mortality association is attributed to preexisting disease or smoking. With regard to weight gain, previous findings are conflicting. In a 1993 review of 11 studies, Andres et al. 11 concluded that the risk of overall mortality increased in persons who gained excessive weight, whereas it decreased in those who experienced moderate weight gain. Our finding that an increased mortality risk associated with weight gain of 5 kg or more agrees with the review. In contrast, several recently published studies have shown no association with weight gain. 10, [12] [13] [14] [15] 17, [20] [21] [22] We have no clear explanation for the discrepancy, but the effect of weight gain on mortality may differ according to sex, age, race, cause of death, period of weight change assessed and period of follow-up. The association between weight change and mortality may be modified by the initial BMI levels. However, we observed an increased risk of mortality with weight loss even in overweight subjects, a finding compatible with the results of several studies showing increased mortality irrespective of the initial BMI levels. 13, 14, [16] [17] [18] 24 We also observed an increased risk of mortality after weight gain even in underweight subjects. Data were limited regarding this point, but in one study, 16 weight gain was related to an Cancer Figure 1 Multivariate-adjusted hazard ratio (a group of individuals with normal weight at baseline and stable weight for 5 years was used as reference. Hazard ratio was adjusted for age (years), study area (11 areas), smoking (never, past, current with a consumption of o20 or X20 cigarettes per day), alcohol consumption (nondrinker, occasional drinker, drinkers with a consumption of o150, 150-299, 300-449 or X450 g ethanol per week for men; and nondrinker, occasional drinker, drinkers with a consumption of o150 or X150 g ethanol per week for women), leisure-time physical activity (o1 time per month, 1-3 times per month, X1 time per week), history of hypertension (yes or no) and history of diabetes mellitus (yes or no)) of deaths according to weight change categories and initial body mass index. Abbreviation: BMI, body mass index.
Weight change and mortality A Nanri et al increased risk of mortality among both nonoverweight and overweight groups. These findings may suggest that weight loss and gain predict an increased mortality risk irrespective of initial BMI levels. Limited evidence is available regarding the relation of weight change to risk of cause-specific mortality. Three studies among Western populations have examined overall cancer mortality in association with weight change, but the results are all null. 16, 20, 21 In our study, however, weight loss was significantly associated with an increased risk of cancer mortality. In our previous report, the risk of cancer mortality significantly increased in underweight subjects, 9 and this association was replicated in the present analysis among subjects with stable weight over a 5-year period. These findings from the JPHC Study indicate that both weight loss and underweight are important predictors of an increased risk of cancer mortality in Japanese. In contrast, we did not observe any association between weight gain and cancer mortality except for nonsmoking men. This finding seems to contradict the established association between obesity and cancer. 25, 26 However, several Western studies 16, 20, 21 have reported no increase in cancer mortality with weight gain. Japanese differ substantially from Western populations not only in the prevalence of obesity but also in the type of major cancers. For example, stomach cancer and esophageal cancer (squamous cell carcinoma), the risks of which have been shown to increase among persons with a low BMI, 26 are much more common in Japan than in Western countries. 27 This could be an explanation why the present finding, especially for weight loss, was not compatible with those derived from Western studies. Obesity is a known risk factor for cardiovascular disease, 28 and overweight was a significant predictor of cardiovascular disease mortality in the JPHC Study. 9 It may thus be Adjusted for age (year), study area (11 areas), body mass index (o21, 21 to o23, 23 to o25, 25 to o27 and X27 kg m À2 ), alcohol consumption (nondrinker, occasional drinker, drinkers with a consumption of o150, 150-299, 300-449 or X450 g ethanol per week for men and nondrinker, occasional drinker, drinkers with a consumption of o150 or X150 g ethanol per week for women), leisure-time physical activity (o1 time per month, 1-3 times per month, X1 time per week), history of hypertension (yes or no) and history of diabetes mellitus (yes or no). b Further adjusted for smoking (never, past, current with a consumption of o20 or X20 cigarettes per day).
Weight change and mortality A Nanri et al reasonable to expect that the risk of cardiovascular disease increased with weight gain and decreased with weight loss. However, existing data are not fully compatible with the idea. For instance, some studies 21, 22 have reported a suggestion of an increased risk of cardiovascular disease mortality with weight gain, whereas some others 13, 14, 20 did not detect such an association. In this study, increased mortality of cardiovascular disease with weight gain was observed in women, nonsmoking men and older men. The finding of an increased risk of cardiovascular disease mortality with weight loss in men and younger women is unexpected, although similar findings have been documented in several studies. 13, 14, 18, 20 It is not clear why the association between weight change and cardiovascular disease mortality differed by sex in this study. Given the similarity of the result for nonsmoking men and overall women ( However, the mechanism for the weight loss-cardiovascular disease association is unclear. Depression may partly account for the link due to its potential effects on both weight and mortality of cardiovascular disease. 34 Moreover, weight loss in the elderly is mainly caused by muscle loss, 35, 36 which could deteriorate the risk factors for cardiovascular disease. 37 With regard to cancer, insulin is hypothesized to be involved in the pathogenesis of several cancers through effects on insulin-like growth factors 38 and could link obesity to cancer but this mechanism may be less likely to work in Japanese because of their low ability to secrete insulin. 39 There is biological evidence that supports the observed positive association with weight loss. A biomarker study showed that weight loss was associated with increased oxidative DNA damage, 40 which is hypothesized to have a major role in carcinogenesis. 41 In addition, weight loss may increase the risk of cancer because of its adverse effects on immune function. 42 As large weight loss is one clinical condition of frailty, 43 the observed weight loss-mortality association could be explained in this context. Frailty is a state of increased vulnerability to stressors resulting from decreased physiological reserves and dysregulation of multiple physiological systems, and limited capacity to maintain homeostasis and to respond to internal and external stresses. 44 In fact, an increased risk associated with frailty was observed for various health outcomes, including falls, disability, hospitalization and mortality. 43 Although frailty itself may not be a direct cause of early death, deterioration of organ systems resulting from frailty could increase mortality risk. 45 Some studies have shown that frail persons, compared with nonfrail persons, had higher levels of markers of inflammation, 43 a condition that has been linked to cancer and cardiovascular disease. 46, 47 The strengths of this study are large sample size, population-based prospective design and few subjects being lost to follow-up (0.6%). Death registration in Japan, which we used to identify the cause of death, is believed to be complete. Moreover, we excluded subjects with serious disease and adjusted for or stratified by important confounding variables. To minimize the effect of potential occult disease, analysis was also carried out with further exclusion of deaths occurring in the first 3 years of follow-up. This study also had some limitations. First, we had no information about whether weight loss is intentional or unintentional. Intentional weight loss has been related to lower mortality, whereas unintentional weight loss has been related to higher mortality. 48, 49 If we could exclude subjects with intentional weight loss, the association between weight loss and mortality would become stronger. Second, as we did not measure body composition, we did not know whether weight loss represented fat loss or muscle loss. However, it may not be feasible to measure body composition in a large sample. Third, although we extensively excluded subjects who reported serious diseases and deaths in the first 3 years of follow-up and adjusted for covariates including BMI at baseline and smoking status, we cannot completely rule out the possibility of occult disease and bias due to residual confounding. Fourth, we used self-reported weight and height. However, we confirmed that the self-reported BMI was highly correlated with the measured one. Finally, the present finding for weight loss should not be applied to clinical settings in which obese patients are instructed to decrease weight by health professionals. Obesity and weight gain have been increasingly recognized as a major health issue, 1 but less attention has been paid to the adverse health outcome associated with underweight and weight loss except for populations that are subject to malnutrition. In the present finding among Japanese, who are on an average much thinner than Westerners, large weight change, either gain or loss, predicted subsequent mortality risk, with weight loss conferring greater risk than weight gain. More research is required to clarify the impact of intentional weight loss on subsequent morbidity and mortality and elucidate the mechanisms linking weight change and mortality risk. 
